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(67)  Construction is achieved that is able to effec-
tively prevent the displacement in the axial direction of a
ball bearing 16 that supports the middle section of a pin-
ion shaft 6 so as to be able to rotate freely, and that is
compact and low cost. A fastening groove 28b is formed
around the entire circumference of a portion near an
opening of the inner circumferential surface of a sub
housing section 12¢ of a casing 10c, and a radially out-
side portion of a C-shaped retaining ring 29b is fastened
in this fastening groove 28b. As a result, a side surface
in the axial direction of a radially inside portion of the
retaining ring 29b is pressed against a side surface in
the axial direction of an outer ring 18 of a ball bearing 16
that is fitted inside and supported by the inner circumfer-
ential surface of the sub housing section 12c. Moreover,
a clip 35 having a radially outside arm section 43 and
radially inside arm section 44 is mounted in the opening
edge section of the sub housing section 12c, and a di-
ameter reduction prevention section 36 that comprises
the tip-end section of the radially inside arm section 44
is inserted into a non-continuous area 34 of the retaining
ring 29b.

RACK AND PINION-TYPE STEERING GEAR UNIT

Fig. 1
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Description

TECHNICAL FIELD

[0001] The present invention relates to a rack and pinion steering gear unit of a steering apparatus for applying a
steering angle to steered wheels of an automobile.

BACKGROUND ART

[0002] A steering apparatus that has a rack and pinion steering gear unit that uses a rack and pinion as a mechanism
for converting rotating movement that is inputted from the steering wheel to linear movement for applying a steering
angle is widely known. Moreover, a rack and pinion steering gear unit can be made compact and lightweight, and high
rigidity and good steering feeling can be obtained, so is widely used.

[0003] FIG. 28 to FIG. 30 illustrates construction that was disclosed in JP2012-51406 (A) as an example of a steering
apparatus in which this kind of rack and pinion steering gear unit is assembled. In this steering apparatus, movement
of a steering shaft 2 that is rotated by operating a steering wheel 1 is transmitted to a pinion shaft 6, which is an input
shaft of a steering unit 5, by way of a pair of universal joints 3 and an intermediate shaft 4.

[0004] The steering gear unit 5 is achieved by pinion teeth 7 that are provided on the tip end half of a pinion shaft 6
engaging with rack teeth 9 that are provided on the front surface of a rack shaft 8. Part of both the pinion shaft 6 and
rack shaft 8 are housed inside a casing 10. The casing 10 has a cylindrical shaped main housing section 11 and a
cylindrical shaped sub housing section 12. Of these, the main housing section 11 is open on both ends. The sub housing
section 12 is provided on one side of the main housing section 11, and one end is open. The center axis of the main
housing section 11 and the center axis of the sub housing section 12 are in a twisted positional relationship with each
other. The rack shaft 8 is inserted through the main housing section 11 so as to be able to displace in the axial direction,
and both end sections of the rack shaft 8 protrude from the main housing section 11. The base end sections of tie rods
14 are linked with both end sections of the rack shaft 8 by way of spherical joints 13. The tip end sections of these tie
rods 14 are linked to the tip end sections of knuckle arms (not illustrated in the figure) by pivot shafts. By the pinion teeth
7 engaging with the rack teeth 9, the rack shaft 8 does not rotate around the center axis of the rack shaft 8 itself.
[0005] The pinion shaft 6 is such that the tip-end half where the pinion teeth 7 are formed is supported inside the sub
housing section 12 so as to be able to rotate. In order for this, the tip-end section of the pinion shaft 6 is supported in
the rear-end section of the sub housing section 12 by a radial needle bearing 15 so as to be able to freely rotate. Moreover,
the middle section of the pinion shaft 6 is supported in the portion near the opening of the sub housing section 12 by a
single-row ball bearing 16. The inner ring 17 of the ball bearing 16 is held between a radially inside stepped surface 19
that is formed around the middle section of the pinion shaft 6 and a conical shaped retaining ring 20 that engages with
the middle section of the pinion shaft 6. The outer ring 18 of the ball bearing 16 is held between a radially outside stepped
surface 21 that is formed around the middle section of the inner circumferential surface of the sub housing section 12
and a pressure screw cylinder 22 that is screwed into the inside of the end section on the opening side of the sub housing
section 12. With this construction, the tip end half section of the pinion shaft 6 is supported inside the sub housing section
12 so as to be able to support both a radial load and a thrust load, and so as to be able to rotate while preventing
displacement in the axial direction thereof.

[0006] Moreover, a cylinder section 23 is provided on the portion of the opposite side in the radial direction of the main
housing section 11 from the sub housing section 12. A sliding block 25 that supports a pressure roller 24 so as to be
able to rotate freely is housed inside this cylinder 23 so as to be able to move in the axial direction. A spring 27 is provided
between a cover 26 that is fastened to the inside of the end section on the opening side of the cylinder 23 by a screw
and the pressure block 25, and that spring 27 presses the pressure roller 24 toward the rack shaft 8. As a result, the
rack shaft 8 is elastically pressed toward the pinion shaft 6, which eliminates looseness in the engagement section
between the pinion teeth 7 and the rack teeth 9. Moreover, regardless of a force applied to the rack shaft 8 in the direction
going away from the pinion shaft 6 that is caused by the transmission of power in the engagement section, it is possible
to properly maintain a state of engagement in this engagement section.

[0007] When applying a steering angle to the left and right front wheels, the pinion shaft 6 is rotated by operating the
steering wheel 1. In doing so, pinion teeth 7 and the rack teeth 9 engage, the rack shaft 8 displaces in the axial direction,
and the pair of tie rods 14 that are linked to both end sections of the rack shaft 8 are pushed or pulled. As a result, the
desired steering angle is applied to the left and right front wheels.

[0008] Inthe case of a steering gear unit 5 of a firstexample of conventional construction having this kind of construction,
the pressure screw cylinder 22 is used to apply a preload to the ball bearing 16 that supports the pinion shaft 6. As a
result, even though a force is applied to the pinion shaft 6 during steering, the engaged state of the engagement section
between the pinion teeth 7 and rack teeth 9 is kept stable by preventing displacement of the pinion shaft 6 in the radial
direction (left-right direction in FIG. 30) and in the thrust direction (up-down direction in FIG. 30). Moreover, together
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with suppressing the occurrence of striking noise between teeth in this engagement section, fluctuation of the steering
force is prevented. By using the pressure screw cylinder 22 in this way, it becomes easy to apply a necessary preload
to the ball bearing 16, and it is possible to effectively prevent the ball bearing 16 from displacing in the axial direction.
However, when using the pressure screw cylinder 22, the installation space increases, so it becomes easy for the overall
length of the sub housing section 12 to become long and for the steering gear unit 5 to become large. There is also a
problem in that the work time for adjusting the preload becomes long.

[0009] JP2010-195278 (A) discloses construction where, instead of this kind of pressure screw cylinder, an incomplete
circular shaped retaining ring is used to prevent a rolling bearing from falling out while applying a preload to the rolling
bearing. FIG. 31 illustrates a steering gear unit 5a of a second example of conventional construction as disclosed in
JP2010-195278 (A). In the case of this steering gear unit 5a, a fastening groove 28 is formed around the entire circum-
ference of the portion near the opening of the inner-circumferential surface of a sub housing section 12a of a casing
10a. With the radially outside portion of an incomplete circular shaped retaining ring (tapered snap ring) 29 fastened in
this fastening groove 28, one side surface in the axial direction of the radially inside portion of this retaining ring 29 is
pressed against the side surface in the axial direction of an outer ring 18 of a ball bearing 16 that supports the middle
section of a pinion shaft 6 so as to be able to rotate freely.

[0010] Moreover, the side surface 30 of the fastening groove 28 on the opening side (top side in FIG. 31) of the sub
housing section 12a is inclined in a direction such that the width of the fastening groove 28 expands toward the inside
in the radial direction. A tapered surface 31 is also formed in the portion of the retaining ring 29 that comes in contact
with the side surface 30, and the cross-sectional shape of the radially outside portion of this retaining ring 29 is a wedge
shape that is inclined in a direction such that the thickness dimension in the axial direction becomes smaller toward the
outside in the radial direction. In the case of this kind of construction, the installation space of the retaining ring 29 is
small, so it becomes easier to make the steering gear unit 5a more compact. Moreover, the work time for assembling
the retaining ring 29 is short and does not require adjusting a preload.

[0011] However, when a force is applied to the pinion shaft 6 during steering, a thrust force acts on the retaining ring
29 in the upward direction in FIG. 31, which causes the diameter of the retaining ring 29 to contract being guided by the
side surface 30, and it becomes easy for the retaining ring 29 to displace in the axial direction. As a result, it becomes
easy for the ball bearing 16 to displace in the axial direction, and there is a possibility that occur such as shifting of the
engagement section between the pinion teeth 7 and the rack teeth 9 from the proper position, the occurrence of noise,
and fluctuation of the steering force.

[0012] In consideration of a situation such as described above, JP2010-38254 (A) discloses construction in which,
even though a force is applied to the pinion shaft during steering, it is possible to prevent contraction of the retaining
ring. FIG. 32 illustrates a steering gear unit 5b of a third example of conventional construction that is disclosed in
JP2010-38254 (A). In the case of this steering gear unit 5b, plural protrusions 32 that protrude in the axial direction are
formed on the outer peripheral edge of a tapered surface 31a of a retaining ring 29a. Moreover, an annular concave
groove 33 is formed in a side surface 30a of a fastening groove 28a that is formed around the inner circumferential
surface of a sub housing section 12b of a casing 10b. With the radially outside portion of the retaining ring 29a fastened
in the fastening groove 28a, the protrusions 32 are located inside the annular concave groove 33.

[0013] Therefore, even when a thrust force acts on the retaining ring 29a in the upward direction in FIG. 32 when a
force is applied to the pinion shaft 6 during steering, the protrusions 32 engage with the annular concave groove 33 and
prevent contraction of the diameter of the retaining ring 29a. Therefore, it becomes difficult for the retaining ring 29a to
displace in the axial direction, and it is possible to suppress the ball bearing 16 from displacing in the axial direction and
to properly maintain the engagement position of the pinion teeth and rack teeth. However, the shapes of the fastening
groove 28a and the retaining ring 29a are complicated, so there is a problem in that the processing becomes troublesome
and the manufacturing cost increases.

[Related Literature]
[Patent Literature]
[0014]

[Patent Literature 1]  JP2012-51406 (A)
[Patent Literature 2]  JP2010-195278 (A)
[Patent Literature 3] JP2010-38254 (A)
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SUMMARY OF INVENTION

[Problem to be Solved by Invention]

[0015] Taking in to consideration the situation described above, the object of the present invention is to achieve
construction of a rack and pinion steering gear unit that is able to effectively prevent displacement in the axial direction
of a rolling bearing for supporting the middle section of a pinion shaft so as to be able to rotate freely, and that has
compact and low-cost construction.

[Means for Solving Problems]

[0016] The rack and pinion steering gear unit of the present invention comprises a casing, a rack shaft, a pinion shaft,
a rolling bearing, a retaining ring and a diameter reduction prevention section. The casing has a cylindrical shaped main
housing section that is open on both ends, and a cylindrical shaped sub housing section that is open on one end and
that is provided in a twisted position with respect to the main housing section. The rack shaft has rack teeth on the front
surface thereof, and is located on the inside of the main housing section of the casing so as to be able to displace in the
axial direction. The pinion shaft has pinion teeth that are formed on the tip half section in the axial direction thereof and
that engage with the rack teeth, and with the base end section in the axial direction thereof protruding to the outside
through the opening section of the sub housing section of the casing, is supported inside the sub housing section so at
to be able to rotate freely. The rolling bearing comprises an inner ring, and an outer ring and a plurality of rolling bodies
(balls or rollers). The inner ring has an inner raceway around the outer circumferential surface, and the outer ring has
an outer raceway around the inner circumferential surface. The plurality of rolling bodies are provided between the inner
raceway and outer raceway so as to be able to roll freely. In order to support the pinion shaft inside the sub housing
section, the inner ring is fastened around a portion of the pinion shaft that is closer to the base end section side in the
axial direction than the portion where the pinion teeth are formed, and with one side surface in the axial direction of the
outer ring being in contact with a stepped surface that is formed around the inner circumferential surface of the sub
housing section, the outer ring is fitted inside and supported to the sub housing section. Moreover, the retaining ring
that has an incomplete circular ring shape is located around the middle section in the axial direction of the pinion shaft
such that a radially outside portion is fastened to a fastening groove that is formed around the inner circumferential
surface near the opening section of the sub housing section. In this state, one side surface in the axial direction of the
radially inside portion thereof is pressed against the other side surface in the axial direction of the outer ring.

[0017] The diameter reduction prevention section is provided on part of a member that is fastened to the sub housing
section, and by engaging with the retaining ring, prevents reduction of the diameter of the retaining ring. As an embodiment
of this diameter reduction prevention section engaging with the retaining ring, construction is possible in which the
diameter reduction prevention section is inserted into a non-continuous area (opening section) of the retaining ring, or
construction is possible in which the diameter reduction prevention section is fitted inside the inner circumferential surface
of the retaining ring.

[0018] In the case where the diameter reduction prevention section is inserted in the non-continuous area of the
retaining ring, the diameter reduction prevention section can be constructed, for example, so as to comprise, of a clip
provided with a radially outside arm section and a radially inside arm section, the clip being elastically mounted to the
opening side end section of the sub housing section so as to span the opening side end section, a tip-end section of the
radially inside arm section that is placed on the inside of the sub housing section. Alternatively, the diameter reduction
prevention section can be constructed so as to comprise an insertion member that is inserted into a through hole that
is formed in the sub housing section, or a portion of a member that is fastened to this insertion member and that protrudes
toward the radially inside from the through hole.

[0019] In the case where the diameter reduction prevention section is constructed by the tip-end section of the radially
inside arm section of the clip, preferably a stopper structure for preventing the clip from coming out from the opening
side end section of the sub housing section is provided between the clip and the sub housing section. As this stopper
structure, it is possible to employ construction in which an inclined surface that is formed on the outer circumferential
surface of the opening side end section of the sub housing section, and that is inclined in a direction such that the
thickness of the opening side end section becomes larger toward the opening side comes in contact with an inclined
section that is formed on the radially outside arm section of the clip, and that is inclined in a direction so as to become
closer to the radially inside arm section toward the tip-end side. Alternatively, it is possible to employ construction in
which a radially outside engagement protrusion that is formed on the radially outside arm section of the clip engages
with an engagement concave groove that is formed around the outer circumferential surface of the opening side end
section of the sub housing section. Furthermore, construction can be employed in which a radially inside engagement
protrusion that is formed on the tip-end section of the radially inside arm section of the clip engages with a fastening
groove that is formed around the inner circumferential surface of the sub housing section.
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[0020] On the other hand, in the case of construction in which the diameter reduction prevention section is constructed
by the insertion member that is inserted into a through hole that is formed in the sub housing section, it is possible to
employ construction in which the insertion member is a flat plate shaped key member that is pressure fitted into the
through hole, or is fastened to the casing by plastically transforming part the key member. Alternatively, the insertion
member can comprise a bolt, and the diameter reduction prevention section can comprise the head section of this bolt,
or a nut that is screwed onto the shaft section of this bolt.

[0021] Moreover, the dimension reduction prevention section can be formed on the end section of a cover that is fitted
inside the opening section of the sub housing section and that covers the circumference of the pinion shaft. In this case,
a concave and convex engagement section for regulating relative rotation of the cover with respect to the sub housing
section can be provided between the cover and the sub housing section. Furthermore, it is also possible to have the
end section of the cover on the opposite side from the side where the diameter reduction prevention section is provided
to come in contact with part of a vehicle body by way a gasket made of an elastic material.

[0022] Preferably, the orientation of the retaining ring in the circumferential direction is regulated by arranging the
retaining ring so that the non-continuous area is located on the rack shaft side.

[Effect of Invention]

[0023] With the presentinvention, a rack and pinion steering gear unit is achieved that has construction that is capable
of effectively preventing displacing in the axial direction of a rolling bearing for supporting a pinion shaft so as to be able
to rotate freely, and this construction can be compact and low cost. In other words, the rack and pinion steering gear
can be made compact by using a retaining ring, the radially outside portion of which is fastened to a fastening groove
that is formed around the inner circumferential surface of the sub housing section of the casing, for preventing displace-
ment of the rolling bearing in the axial direction. Moreover, by causing the diameter reduction prevention section to
engage with the retaining ring, it is possible to effectively prevent displacement in the axial direction of the rolling bearing
due to a reduction in the diameter of the retaining ring even when a force that would reduce the diameter of the retaining
ring acts on the retaining ring due to a force that is applied to the pinion shaft during steering. Furthermore, in order to
prevent a reduction of the diameter of the retaining ring in this way, the shapes of the retaining ring and fastening groove
do not have to be complex shapes, so the construction can be low cost.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

FIG. 1 is a cross-sectional view illustrating an engagement section between a rack and pinion of a steering gear
unit of a first example of an embodiment of the present invention.

FIG. 2 is a view as seen from the top in FIG. 1.

FIG. 3 is an enlarged view of section D in FIG. 1.

FIG. 4 is a cross-sectional view illustrating a portion that corresponds to section E in FIG. 3 of a steering gear unit
of a second example of an embodiment of the present invention.

FIG. 5 is a cross-sectional view illustrating a portion that corresponds to section E in FIG. 3 of a steering gear unit
of a third example of an embodiment of the present invention.

FIG. 6 is a cross-sectional view illustrating a portion that corresponds to section F in FIG. 3 of a steering gear unit
of a fourth example of an embodiment of the present invention.

FIG. 7 is a vertical cross-sectional view illustrating an engagement section between a rack and pinion of a steering
gear unit of a fifth example of an embodiment of the present invention.

FIG. 8 is a view as seen from the top in FIG. 7.

FIG. 9 is a view as seen from the right side in FIG. 7, and illustrates a state in which the cylinder section and main
housing section are omitted.

FIG. 10 is an enlarged cross-sectional view of a steering gear unit of a fifth example of an embodiment of the present
invention, and illustrates a portion that corresponds to FIG. 3.

FIG. 11 is a vertical cross-sectional view illustrating an engagement section between a rack and pinion of a steering
gear unit of a sixth example of an embodiment of the present invention.

FIG. 12 is a view as seen from the top in FIG. 11.

FIG. 13 is a view as seen from the right side in FIG. 11, and illustrates a state in which the cylinder section and main
housing section are omitted.

FIG. 14 is an enlarged cross-sectional view of a steering gear unit of a sixth example of an embodiment of the
present invention, and illustrates a portion that corresponds to FIG. 3.

FIG. 15Ais a cross-sectional view illustrating a portion of a steering gear unit of a seventh example of an embodiment
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of the present invention, and illustrates a portion that corresponds to the upper right portion in FIG. 14; and FIG.
15B is a cross-sectional view of section G-G in FIG. 15A.

FIG. 16 is a cross-sectional view illustrating an engagement section between a rack and pinion of a steering gear
unit of an eighth example of an embodiment of the present invention.

FIG. 17 is a front view of FIG. 16 with part omitted, and with part as cross section as it is.

FIG. 18 is an enlarged cross-sectional view of the portion in FIG. 16 near the installation of the ball bearing.

FIG. 19 is an enlarged cross-sectional view of the portion in FIG. 16 near the installation of the radial bearing.
FIG. 20 is a cross-sectional view of section H-H in FIG. 18.

FIG. 21A is a vertical cross-sectional view illustrating a state in which a cover that is used in an eighth example is
pulled out; and FIG. 21B is a view illustrating the end surface (bottom end surface) thereof.

FIG. 22 is a cross-sectional drawing of steering gear unit of a ninth example of an embodiment of the present
invention and corresponds to FIG. 20.

FIG. 23A is a vertical cross-sectional view illustrating a state in which a cover that is used in an ninth example is
pulled out; and FIG. 23B is a view illustrating the end surface (bottom end surface) thereof.

FIG. 24 is a cross-sectional view of steering gear unit of a tenth example of an embodiment of the present invention
and corresponds to FIG. 20.

FIG. 25A is a vertical cross-sectional view illustrating a state in which a cover that is used in an tenth example is
pulled out; and FIG. 25B is a view illustrating the end surface (bottom end surface) thereof.

FIGS. 26A to 26C are front views illustrating three examples of the construction of retaining rings that can be used
in the present invention.

FIG. 27 is a cross-sectional view illustrating an example of the engagement between a retaining ring and fastening
groove that can be used in the present invention.

FIG. 28 is a partial cut-away side view of an example of an automobile steering apparatus in which a rack and pinion
steering gear unit is assembled.

FIG. 29 is a cross-sectional view of section A-A in FIG. 28.

FIG. 30 is a cross-sectional view of section B-B in FIG. 29 and illustrates a state in which the base-end section of
a pinion shaft in a state of use.

FIG. 31 is a view illustrating a steering gear unit of a second example of conventional construction, and corresponds
to section B-B on FIG. 29.

FIG. 32 is an enlarged view illustrating a steering gear unit of a third example of conventional construction, and
illustrates a portion that corresponds to section C in FIG. 31.

MODES FOR CARRYING OUT INVENTION

[First Example]

[0025] FIG. 1 to FIG. 3 illustrate a first example of an embodiment of the present invention. In the steering gear unit
5d of this example as well, pinion teeth 7 that are provided in the axial direction on part of a pinion shaft 6 engages with
rack teeth 9 that are provided on the front surface of a rack shaft 8. Part of each of the pinion shaft 6 and the rack shaft
8 are housed inside a casing 10c. This casing 10c has a main housing section 11 (see FIG. 28 and FIG. 29) and a sub
housing section 12c that are both cylindrical shaped. The main housing section 11 is open on both ends. The sub housing
section 12c is provided on one side of the main housing section 11, and one end (top end in FIG. 1 and FIG. 3) is open.
The center axis of the main housing section 11 and the center axis of the sub housing section 12c are in a twisted
positional relationship with each other.

[0026] Therack shaft8is inserted through the main housing section 11 so as to be able to displace in the axial direction,
and both ends protrude from the main housing section 11. The base-end sections of tie rods 14 are linked to both end
sections of the rack shaft 8 by way of spherical joints 13 such as illustrated in FIG. 29. The tip-end sections of the tie
rods 14 are linked to the tip-end sections of knuckle arms (not illustrated in the figures) by pivot shafts. A cylinder section
23 is provided in the portion in the radial direction of the main housing section 11 on the opposite side from the sub
housing section 12¢, and a pressure block 63 is housed inside this cylinder section 23 so as to be able to move in the
axial direction. An elastic member such as a spring is provided between a cover (not illustrated in the figures) that is
fastened by a screw on the inside of the opening section of the cylinder section 23 and the pressure block 63 to press
the pressure block 63 toward the rack shaft 8. As a result, the rack shaft 8 is elastically pressed toward the pinion shaft
6, which eliminates looseness in the engagement section between the pinion teeth 7 and the rack teeth 9. Furthermore,
even though aforce is applied to the rack shaft 8 in a separating direction away from the pinion shaft 6 due to transmission
of power in the engagement section, it is possible to properly maintain the engaged state in the engagement section.
Of the surfaces on both ends in the axial direction of the pressure block 63, the inside-end surface of the side that presses
the rack shaft 8 is a partial cylindrical concave surface that corresponds to the shape of the rear surface of the rack shaft 8.
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[0027] The the tip-end half section (lower half section in FIG. 1) of the pinion shaft 6 where the pinion teeth 7 are
formed is supported inside the sub housing section 12c so as only to be able to rotate. In order for this, the tip-end
section of the pinion shaft 6 is supported by the rear-end section of the sub housing section 12¢ by a radial needle
bearing 15 so as to be able to rotate freely. Moreover, the middle section of the pinion shaft 6 is supported by the portion
near the opening of the sub housing section 12c by way of a deep-groove three-point contact or four-point contact single-
row ball bearing 16 so as to be able to rotate freely. On the other hand, the base-end section of the pinion shaft 6
protrudes to the outside from the opening of the sub housing section 12c, and as illustrated in FIG. 28, is linked to an
intermediate shaft 4 by way of a universal joint 3.

[0028] The ball bearing 16 has an inner ring 17, an outer ring 18, plural balls 37, and a retainer 38. The inner ring 17
has an inner raceway 39 around the outer circumferential surface thereof. The outer ring 18 has an outer raceway 40
around the inner circumferential surface thereof. The balls 37 are provided between the inner raceway 39 and the outer
raceway 40 so as to be able to roll freely. Moreover, the retainer 38 has pockets in plural locations in the circumferential
direction thereof, and the balls 37 are held inside these pockets so as to be able to roll freely. In order to support the
middle section of the pinion shaft 6 on the inside of the sub housing section 12¢ so as to be able to rotate freely, the
inner ring 17 is fastened around the portion of the pinion shaft 6 that is closer to the base-end side (steering wheel 1
side) in the axial direction than the portion where the pinion teeth 7 are formed. The inner ring 17 is held between a
radially inside stepped surface 19 that is formed around the middle section of the pinion shaft 6 and a conical shaped
retaining ring 20 that is fastened around the middle section of the pinion shaft 6. Moreover, the outer ring 18 is supported
inside the sub housing section 12c in a state such that the surface of one side in the axial direction thereof comes in
contact with a radially outside stepped surface 21 that is formed around the middle section of the inner circumferential
surface of the sub housing section 12c.

[0029] A fastening groove 28b is formed around the entire inner circumferential surface of a portion of the sub housing
section 12c near the opening. The radially outside portion of the incomplete circular (C shaped) retaining ring 29b that
is located around the middle section in the axial direction of the pinion shaft 6 is fastened in the fastening groove 28b,
and in that state, one side surface of the radially inside portion of this retaining ring 29b is pressed against the other side
surface in the axial direction of the outer ring 18.

[0030] The retaining ring 29b is formed into a C-shaped incomplete circular shape by punching a metal plate made
of an elastic material such as spring steel, stainless spring steel or the like, and when assembled has an elastic force
that acts in a direction that expands the diameter. A pair of fastening arms 41 that protrude inward in the radial direction
are provided on the opposing portions of both sides of the non-continuous area 34 of the retaining ring 29b. Fastening
holes 42 for fitting with the tip-end sections of a diameter reduction tool (not illustrated in the figure) are formed in the
center section of the fastening arm sections 41.

[0031] Of the fastening groove 28b, the side surface 30b on the opening side (upper side in FIG. 1 and FIG. 3) of the
sub housing section 12c is inclined in a direction such that the width dimension of the fastening groove 28b increases
toward the inside in the radial direction. Moreover, of the retaining ring 29b, a tapered surface 31b is formed in the portion
that comes in contact with the side surface 30b, and the cross-sectional shape of the radially outside portion of this
retaining ring 29b is inclined in a direction such that the thickness dimension in the axial direction becomes smaller
toward the outside in the radial direction, forming a wedge shape. As a result, with the retaining ring 29b fastened in the
fastening groove 28b, the force in the axial direction caused by the elastic force in the direction expanding the diameter
presses the surface on the other side in the axial direction of the outer ring 18, and applies a preload to the ball bearing 16.
[0032] Moreover, with the retaining ring 29b fastened in the fastening groove 28b, the non-continuous area 34 is
located in the portion on the rack 8 side of the retaining ring 29b (portion on the right side in FIG. 1). In other words, in
order to eliminate backlash in the engagement section between the pinion teeth 7 and the rack teeth 9, the rack shaft
8 is elastically pressed toward the pinion shaft 6, however this pressing force (reaction force of the rack, or force in the
direction of arrow F in FIG. 1) is supported by the portions of the radial needle bearing 15 and ball bearing 16 on the
non-rack 8 side (portion on the left side in FIG. 1). In this case, presuming that there is no twist in the rack teeth 9, forces
in the directions of arrows Ay and B act on the radial needle bearing 15 and ball bearing 16 in directions orthogonal to
the center axis of the bearings. However, in the case where there is twist in the rack teeth 9, forces in the directions of
arrows A4 (A,) and B4 (B»), which are inclined with respect to arrows A, and By, act on the radial needle bearing 15 and
ball bearing 16 in directions orthogonal to the center axis of the bearings. Of these forces, in the case of a force that
acts in the A, direction, a force also acts on the retaining ring 29b by way of the ball bearing 16. Here, the incomplete
circular retaining ring 29b is such that the rigidity of the non-continuous area 34 and portion nearby is low, so when the
non-continuous area 34 is located on the non-rack shaft 8 side, the retaining ring 29b deforms and it becomes easy for
the retaining ring 29b to come out from the fastening groove 28b. Therefore, with the retaining ring 29b fastened, the
non-continuous area 34 is located on the rack shaft 8 side.

[0033] Particularly, in order to prevent contraction of the diameter and prevent rotation of the retaining ring 29b, a clip
35 is mounted in the portion on the rack shaft 8 side (the right side portion of FIG. 1 and FIG. 2) of the end section on
the opening side (edge section of the opening) of the sub housing section 12c¢ of the casing 10c in a state spanning this
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section. The clip 35 is formed by bending an elastic and non-corrosive plate material such as stainless spring steel or
the like into a U shape, and this clip 35 has a radially outside arm section 43 and radially inside arm section 44 that are
arranged so as to be parallel with each other, and a base section 45 that connects the base end sections of the radially
outside arm section 43 and radially inside arm section 44. The radially outside arm section 43 and radially inside arm
section 44 elastically hold a radially outside flat surface section 46 and radially inside flat surface section 47 that are
parallel with each other from both sides, and that are provided on the rack shaft 8 side of the end section on the opening
side of the sub housing section 12c, and in this state, cause the inside surface of the base end section 45 to come close
to or come in contact with the end surface on the opening side of the sub housing section 12c. Moreover, with the clip
35 mounted to the sub housing section 12c¢ in this way, the tip-end section of the radially inside arm section 44 that is
provided on the inside of the sub housing section 12c¢ is inserted into the non-continuous area 34 of the retaining ring
29b. Therefore, in this example, the tip-end section of the radially inside arm section 44 corresponds to a diameter
reduction prevention section 36. With this kind of construction, together with preventing further reduction of the diameter
of the retaining ring 29b, rotation of the retaining ring 29b is prevented. In order for this, the width dimension of the tip-
end section of the radially inside arm section 44 (diameter reduction prevention section 36) is a little less than the width
dimension of the non-continuous area 34 in a state in which the retaining ring 29c is fastened (state in which the retaining
ring 29c is reduced a little from the free state).

[0034] In the case of the steering gear unit 5d of this example, it is possible to effectively prevent the ball bearing 16
that supports the pinion shaft 6 so as to rotate freely from displacing in the axial direction, and this kind of construction
can be compact and low cost. In other words, together with using the retaining ring 29b, together with preventing the
ball bearing 16 from displacing in the axial direction, a preload is applied to this ball bearing 16. Therefore, when compared
with construction that uses a conventional pressure screw cylinder, the overall length of the sub housing unit 12 can be
easily reduced, and the apparatus can be made compact. Moreover, a diameter reduction prevention unit 36 that is
made up of the tip-end section of the radially inside arm section 44 of the clip 35 is inserted into the non-continuous area
34 of the retaining ring 29b. Therefore, even when a force that would reduce the diameter inward (force in the radial
direction) acts on the retaining ring 29b due to a force that is applied to the pinion shaft 6 during steering, it is certainly
possible to prevent reduction of the diameter of the retaining ring 29b. As a result, it is possible to prevent the retaining
ring 29b from displacing in the axial direction, and so itis possible to effectively prevent the ball bearing 16 from displacing
in the axial direction. In the construction of this example, the shapes of the retaining ring and fastening groove are not
complex, so the retaining ring and fastening groove can be made at low cost.

[0035] Moreover, the non-continuous area 34 of the retaining ring 29b is located on the rack shaft 8 side, and the
portion of the retaining ring 29¢ where the rigidity is low is located on the far side (opposite side in the radial direction)
from the direction that the rack reaction force acts. Therefore, when a large force is applied from the rack shaft 8 to the
pinion shaft 6 such as when the tires roll up onto a curb when the automobile is moving, it is possible to effectively
prevent the retaining ring 29b from displacing, and thus it becomes difficult for the retaining ring 29b to separate from
the fastening groove 28b. The retaining ring 29b is prevented from rotating, so it is possible to effectively prevent the
retaining ring 29b from separating from the fastening groove 28b over a long period of time. The construction and effect
of the other parts of this example are the same as that of conventional construction.

[Second Example]

[0036] FIG. 4 illustrates a second example of an embodiment of the present invention. A feature of this example is
that a stopper structure 48 is provided for preventing the clip 35a that is mounted on the end section of the opening side
of the sub housing section 12d of the casing 10d from coming out in the axial direction (opening side of the sub housing
section 12d).

[0037] In this example, an inclined surface 49 that is inclined in a direction such that the thickness of the end section
on the opening side becomes larger toward the opening side of the sub housing section 12d is formed on a radially
outside flat surface section 46 on the outer circumferential surface of the sub housing section 12d. Moreover, an inclined
section 64 that is inclined in a direction so as to become closer to the radially inside arm section 44 (see FIG. 1 to FIG.
3) toward the tip-end side is formed from the base-end section to the middle section of the radially outside arm section
43a of the clip 35a. The stopper structure 48 is formed by causing the inclined section 64 to come in contact with and
engage with the inclined surface 49.

[0038] Therefore, even when a force acts on the clip 35a in a direction toward the opening side of the sub housing
section 12d (upward in FIG. 4) when traveling over a bad road, it is possible to effectively prevent the clip 35a from falling
out from the sub housing section 12d, and it is possible to stably prevent reduction of the diameter of the retaining ring
29b (see FIG. 1 to FIG. 3) and prevent the retaining ring 29b from coming out from the fastening groove 28b (see FIG.
1 to FIG. 3). The other construction and effects of this example are the same as in the first example.
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[Third Example]

[0039] FIG. 5 illustrates a third example of an embodiment of the present invention. In the case of this example, as in
the case of the second example described above, the clip 35b is prevented from falling out by providing a stopper
structure 48a between the clip 35b and the sub housing section 12e of the casing 10e.

[0040] A fastening concave groove 50 having a rectangular cross section is formed in the radially outside flat surface
section 46 of the outer circumferential surface of the end section of the opening side of the sub housing section 12e.
Moreover, a radially outside engagement protruding section 51 having a V-shaped cross section that protrudes in a
direction so as to become closer to the radially inside arm section 44 (see FIG. 1 to FIG. 3) is formed in the portion near
the tip end of the radially outside arm section 43b of the clip 35b. A stopper structure 48a is formed by the radially outside
engagement protruding section 51 engaging with the fastening concave groove 50.

[0041] In the case of this example having this kind of construction, as in the case of the construction of the second
example, it is possible to effectively prevent the clip 35b from falling out from the sub housing section 12e. The other
construction and effect of this example are the same as in the first example and second example.

[Fourth Example]

[0042] FIG. 6 illustrated a fourth example of an embodiment of the present invention. In the case of this example, as
in the case of the second and third example of an embodiment, a stopper structure 48b is provided between the clip 35¢
and the sub housing section 12c of the casing 10c, which prevents the clip 35¢ from falling out.

[0043] In this example, the tip-end section of the radially inside arm section 44a of the clip 35c is bent at nearly a right
angle in a direction so as to become closer to the radially outside arm section 43 (see FIG. 1 to FIG. 3) and forms a
radially inside engagement protruding section 52 in that portion. With the tip-end section of the radially inside arm section
44a inserted into the non-continuous area 34 of the retaining ring 29b (see FIG. 1 to FIG. 3), a stopper structure 48b is
formed by the radially inside engagement protruding section 52 engaging with the fastening groove 28b that is formed
around the inner circumferential surface of the sub housing section 12c for fastening the retaining ring 29b.

[0044] In the case of this example as well, as in the case of the construction of the second and third examples, it is
possible to effectively prevent the clip 35c from falling out from the sub housing section 12c. Moreover, the clip 35c is
stopped from coming out by using the fastening groove 28b, so it is not necessary to perform special processing on the
sub housing section 12c in order to stop the clip 35¢ from coming out. Therefore, it is possible to keep the processing
cost low. The stopper structure 48b can also be implemented together with the stopper structure 48, 48a of the second
or third example of an embpdiment. The other construction and effects of this example are the same as in the first through
the third examples.

[Fifth Example]

[0045] FIG. 7 to FIG. 10 illustrate a fifth example of an embodiment of the present invention. A feature of the steering
gear unit 5e of this example is that the diameter of the retaining ring 29b is prevented from becoming reduced by inserting
a diameter reduction prevention section 36a that is formed on part of a rectangular flat plate shaped key member 53
into a non-continuous area 34 of the retaining ring 29b.

[0046] In this example, a through hole 54 that has a rectangular shaped cross section is formed in the portion on the
rack shaft 8 side in the circumferential direction (right side portion in FIG. 7 and FIG. 8) near the opening of the sub
housing section 12f of the casing 10f so as to pass through this portion in the radial direction. A rectangular plate shaped
key member 53 that is made of metal plate such as stainless steel plate is pressure fitted into the through hole 54, and
this key member 53 is fastened to the casing 10f. Moreover, of this key member 53 that is fastened in this way, the
portion that protrudes toward the radially inside from the through hole 54 is inserted into the non-continuous area 34 of
the retaining ring 29b as a diameter reduction prevention section 36a.

[0047] In the case of this example as well, when, due to a force that is applied to the pinion shaft 6 when steering, a
force acts on the retaining ring 29b that would reduce the diameter thereof, it is possible to prevent reduction of the
diameter of the retaining ring 29b. As a result, it is possible to prevent the retaining ring 29b from displacing in the axial
direction, and thus it is possible to effectively prevent the ball bearing 16 from displacing in the axial direction.

[0048] Moreover, by using a compact key member 53 with a simple shape it is possible to prevent reduction of the
diameter of the retaining ring 29b, so when compared with using a clip 35 to 35c such as in the first through fourth
examples, it is possible to reduce the cost of materials, as well as to reduce the processing cost. Furthermore, the key
member 53 is fastened to the casing 10f by being pressure fitted into the through hole 54, so when compared with using
aclip 35 to 35¢, it is possible to effectively prevent the key member 53 from falling out. In order to fasten the key member
to the casing 10, it is possible to plastically deform (crimp and deform) the portion of the key member that protrudes
from the outer circumferential surface of the sub housing section. The other construction and effects of this example are
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the same as in the first example.
[Sixth Example]

[0049] FIG. 111to FIG. 14 illustrate a sixth example of an embodiment of the present invention. A feature of the steering
gear unit 5f of this example is that reduction of the diameter of the retaining ring 29b is prevented by inserting a diameter
reduction prevention section 36b thatis provided on part of a bolt 55 into a non-continuous area 34 of the retaining ring 29b.
[0050] In this example, a bolt having a rectangular parallelepiped shaped head section 56, and a column shaped shaft
section 57 having male threads formed around the outer circumferential surface thereof is used as the bolt 55. Moreover,
a through hole 54a is formed in a portion on the rack shaft 8 side in the circumferential direction (right side portion in
FIG. 11 and FIG. 12) near the opening of the sub housing section 12g of the casing 10g so as to pass through this
portion. The through hole 54a has a circular hole section 58 that is formed in the radially outside half section, and a non-
circular hole section 59 having a square hole shape that is formed in the radially inside half section. Furthermore, a
radially outside flat surface section 46a is formed around the portion of the outer circumferential surface of the sub
housing section 12g where the through hole 54a (circular hole section 58) is opened.

[0051] The shaft section 57 is placed inside the circular hole section 58 by inserting the bolt 55 into the through hole
54a from the radially inside, and the head section 56 is placed inside the non-circular hole section 59 so there is no
looseness. In this state, the tip-end section of the shaft section 57 is caused to protrude to the outside from the outer
circumferential surface (radially outside flat surface section 46a) of the sub housing section 12g, and the radially inside
portion of the head section 56 is caused to protrude to the radially inside from the inside of the non-circular hole section
59. The bolt 55 and nut 60 are fastened to the sub housing section 12g by screwing and fastening the nut 60 to the
portion of the shaft section 57 that protrudes from the outer circumferential surface of the sub housing section 12g.
Moreover, the portion of the head section 56 of the bolt 55 that protrudes to the radially inside from the non-circular hole
section 59 is inserted inside the non-continuous area 34 of the retaining ring 29b as a diameter reduction prevention
section 36b.

[0052] In the case of this example as well, when, due to a force that is applied to the pinion shaft 6 during steering, a
force acts on the retaining ring 29b that would reduce the diameter (inward force in the radial direction), it is definitely
possible to prevent reduction of the diameter of the retaining ring 29b. As a result, it is possible to prevent displacement
in the axial direction of the retaining ring 29b, and thus it is possible to effectively prevent displacement in the axial
direction of the ball bearing 16.

[0053] Moreover, the head section 56 of the bolt 55 that is fastened to the sub housing section 12g is used as a
diameter reduction prevention section 36b, so it is possible to effectively prevent the diameter reduction prevention
section 36b from coming out from the non-continuous area 34 of the retaining ring 29b. Furthermore, by using general
parts for the bolt 55 and nut 60, it is possible to reduce costs. The construction and effects of the other parts of this
example are the same as in the first and fifth examples.

[Seventh Example]

[0054] FIG. 15 illustrates a seventh example of an embodiment of the present invention. In this example as well, as
in the sixth example of an embodiment, reduction of the diameter of the retaining ring 29b is prevented by using a bolt
55a and nut 60a. In this example, a bolt having a hexagonal shaped head section 56a and a column shaped shaft section
57a with male threads formed around the outer circumferential surface thereof is used as the bolt 55a. A through hole
54b is formed in a portion on the rack shaft 8 (see FIG. 1, FIG. 7 and FIG. 11) side near the opening of the sub housing
section 12h of the casing 10h so as to pass through this portion in the radial direction. The through hole 54b has a
circular hole section 58a that is formed in the radially outside half section, and a hexagonal shaped non-circular hole
section 59a that is formed in the radially inside half section.

[0055] With the hexagonal shaped nut 60a placed on the inside of the non-circular hole section 59a so that there is
no looseness, the bolt 55a is inserted into the through hole 54b from the radially outside, and the shaft section 57a is
screwed into the nut 60a. As a result, the bolt 55a and the nut 60a are fastened to the sub housing section 12h. Moreover,
the portion of the nut 60a that protrudes to the radially inside from the non-circular hole section 59a is inserted inside
the non-continuous area 34 of the retaining ring 29b as a diameter reduction prevention section 36c¢.

[0056] In this example as well, when, due to a force that is applied to the pinion shaft 6 during steering, a force acts
on the retaining ring 29b that would reduce the diameter (inward force in the radial direction), it is definitely possible to
prevent reduction of the diameter of the retaining ring 29b. As a result, it is possible to prevent displacement in the axial
direction of the retaining ring 29b, and thus it is possible to effectively prevent displacement in the axial direction of the
ball bearing 16. The construction and effects of the other parts of this example are the same as in the first example, fifth
example and sixth example.
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[Eighth Example]

[0057] FIG. 16 to FIG. 22 illustrate an eighth example of an embodiment of the present invention. A feature of the
steering gear unit 5g of this example is that together with providing a cover 65 on the opening section of the sub housing
section 12i, reduction of the diameter of the retaining ring 29b is prevented by pressure fitting a fitting cylinder section
66 on the tip-end section (bottom-end section in FIG. 16) of the cover 65 into the opening section of the sub housing
section 12i and inserting a protrusion 68 that is formed on the tip-end surface 67 of the cover 65 into the non-continuous
area 34 of the retaining ring 29b as a diameter reduction prevention section 36d.

[0058] More specifically, the steering gear unit 5g of this example is attached to the frame of the vehicle body (not
illustrated in the figure) such as a front sub frame. A hollow cylindrical shaped cover 65 is fastened to the opening section
of the sub housing section 12i by pressure fitting a fitting cylinder section 66 that is provided on the tip-end section
(bottom-end section in FIG. 16) of the cover 65 into the opening section of the sub housing section 12i. Moreover, a side
surface 70 of a flange section 69 that is provided in the middle section of the cover 65 is brought into contact with a
surface 71 on the opening end of the sub housing section 12i, which makes it possible to position the cover 65 in the
up-down direction with respect to the sub housing section 12i. As illustrated in FIG. 17, a convex engagement section
72 is formed on the side surface 70 of the flange section 69, and this convex engagement section 72 engages with a
concave engagement section 73 that is formed in the opening end surface 71 of the sub housing section 12i. As a result,
the cover 65 is prevented from rotating relative to the sub housing section 12i.

[0059] The cover 65 covers around the portion of the pinion shaft 6 that protrudes from the opening section of the sub
housing section 12i. A rubber gasket 74 is fastened to the end section (base end section, top end section in FIG. 16)
on the opposite side of the cover 65 from the portion that fits inside the opening of the sub housing section 12i. This
gasket 74 comes in contact with a toe board (vehicle body) 75. Therefore, movement in the upward direction in FIG. 16
of the cover 65 is regulated by the gasket 74. The gasket 74 absorbs displacement of the casing 10i that occurs due to
vibration when the vehicle is traveling, and together with lessening impact, prevents dirt and foreign matters from getting
into the space between the cover 65 and the pinion shaft 6.

[0060] The cover 65 is formed using a material made by mixing a reinforcement filler such as glass, carbon or the like
into a synthetic resin such as nylon, polyacetal (POM) or the like that has excellent oil resistance. As illustrated in FIG.
18, FIG. 20 and FIG. 21, a protrusion 68 that protrudes toward the tip-end side is integrally formed on the tip-end surface
67 (bottom-end surface) of the cover 65, and this protrusion 68 corresponds to the diameter reduction prevention section
36d. This protrusion 68 is formed as a small piece having a small width dimension in the circumferential direction, and
the position in the circumferential direction thereof is regulated so as to be in the same phase with the non-continuous
area (opening section) 34 of the retaining ring 29b. Therefore, when the fitting cylinder section 66 of the tip-end section
of the cover 65 is pressure fitted inside the opening section of the sub housing section 12i, the protrusion 68 is inserted
into the non-continuous area 34 of the retaining ring 29b, and the diameter of the retaining ring 29b is prevented from
further reduction.

[0061] In this example, only a protrusion 68 needs to be integrally formed on the tip-end surface 67 of the cover 65,
SO processing is simple, and it is possible to suppress any increase in manufacturing cost. Moreover, by the convex
engagement section 72 that is provided on the cover 65 engaging with the concave engagement section 73 that is
provided in the sub housing section 12i, the phase in the circumferential direction of the cover 65 and the sub housing
section 12i becomes fixed, and thus it becomes easy to match the phase in the circumferential direction of the protrusion
68 that is provided on the cover 65 to the phase of the non-continuous area 34 of the retaining ring 29b. Furthermore,
the base-end section of the cover 65 comes in contact with the toe board (vehicle body) 75 by way of the gasket 74,
and this regulates movement of the cover 65 toward the base-end side, so the cover 65 is prevented from coming out
from the sub housing section 12i. The construction and effects of the other parts are the same as in the first example.

[Ninth Example]

[0062] FIG. 22 and FIG. 23 illustrate a ninth example of an embodiment of the present invention. This example is a
variation of the eighth example of an embodiment. In this example, a C-shaped protrusion 68a that protrudes toward
the tip-end side is formed on the tip-end surface 67a of the cover 65a, and this protrusion 68a corresponds to the diameter
reduction prevention section 36e. When the fitting cylinder section 66 on the tip-end section of the cover 65a is pressure
fitted inside the opening section of the sub housing section 12i, the protrusion 68a fits inside the inner circumferential
surface 76 of the retaining ring 29b, and the diameter of the retaining ring 29b is prevented from further reduction. The
construction and effects of the other parts of this example are the same as in the eighth example.

[Tenth Example]

[0063] FIG. 24 and FIG. 25 illustrate a tenth example of an embodiment of the present invention. This embodiment is
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a variation of the eighth and ninth examples of an embodiment. In this example, both a small piece protrusion 68 and a
C-shaped protrusion 68a that protrude toward the tip-end side are integrally formed on the tip-end surface 67b of the
cover 65b. In other words, in this example, the tip-end surface 67b of the cover 65 has both a diameter reduction
prevention section 36d for inserting into the non-continuous area 34 of the retaining ring 29b, and a diameter reduction
prevention section 36e for fitting inside the inner-circumferential surface 76 of the retaining ring 29b. When the fitting
cylinder section 66 on the tip-end section of the cover 65b is pressure fitted inside the opening section of the sub housing
section 12i, the protrusion 68 (diameter reduction prevention section 36d) is inserted into the non-continuous area 34
of the retaining ring 29b, and the protrusion 68a (diameter reduction prevention section 36e) is fitted inside the inner-
circumferential surface 76 of the retaining ring 29b, which prevents the diameter of the retaining ring 29b from further
reduction. The construction and effects of the other parts of this example are the same as in the eighth and ninth examples.
[0064] When implementing the present invention, the construction (shape) of the retaining ring is not limited to con-
structions illustrated in the examples of an embodiment, and it is also possible to use retaining rings that are illustrated
in FIG. 26A to FIG. 26C. FIG. 26A illustrates an example of an eccentric retaining ring for a C-shaped hole that is defined
in JIS B 2804. As in the case of the construction of FIG. 26A, it is possible to employ construction in which the width
dimension in the radial direction of the retaining ring 29c is not constant in the circumferential direction. Specifically, it
is possible to employ construction in which the width dimension at the opposite side in the radial direction of the non-
continuous area 34 is large. As FIG. 26B illustrates an example of a concentric retaining ring for the C-shaped hole that
is defined in JIS B 2804. In the case of the construction of FIG. 26B, it is also possible to employ construction in which
the width dimension in the radial direction of the retaining ring 29d is constant in the circumferential direction, and no
fastening arms are provided in the opposing portions of the non-continuous area 34 of the retaining ring 29b. Furthermore,
as in the case of the construction in FIG. 26C, it is also possible to use a retaining ring 29e that is formed by bending a
wire to become approximately C shaped. Although it is not illustrated in a figure, it is also possible to use a retaining
ring that does not have a tapered surface on one surface.

[0065] When implementing the present invention, it is possible to employ engaging construction for the fastening
groove 28c and retaining ring 29f as illustrated in FIG. 27. That is, the inclination o of a tapered surface 31c of the
retaining ring 29f is greater than the inclination B of a side surface 30c of the fastening groove 28c, and the opening
edge section of this side surface 30c comes in contact with this tapered surface 31c. Moreover, within the fastening
groove 28c, a space 62 is provided between a side surface 30c, side surface 61 that is opposite from the side surface
30c, and the retaining ring 29f. By employing construction like this, it is possible to reduce the moment that acts on the
retaining ring 29f that due to a thrust force that acts from the outer ring 18 of the ball bearing 16. In other words, it is
possible to shorten the distance (Z) from the power point (X) where the force is applied to the fulcrum point (Y), so it is
possible to reduce the moment that acts on the retaining ring 29f. As a result, it is possible to effectively prevent the
retaining ring 29 from falling out.

[0066] Ineach of the examples of an embodiment, examples were explained in which the present invention was applied
to a column-assist rack and pinion power-steering apparatus. However, the present invention can also be applied to
pinion-assist rack and pinion power-steering apparatus, a manual rack and pinion steering apparatus and the like.

[Explanation of Reference Numbers]

[0067]

1 Steering wheel

2 Steering shaft

3 Universal joint

4 Intermediate shaft

5, 5a to 59 Steering gear unit

6 Pinion shaft

7 Pinion teeth

8 Rack shaft

9 Rack teeth

10, 10a to 10i Casing

11 Main housing section
12, 12a to 12i Sub housing section
13 Spherical joint

14 Tie rod

15 Radial needle bearing
16 Ball bearing

17 Inner ring
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18

19

20

21

22, 22a

23

24

25

26

27

28, 28a, 28b, 28c
29, 29a, 29b, 29c, 29d, 29e, 29f
30, 304, 30b, 30c
31, 31a, 31b, 31c
32

33

34

35, 35a, 35b, 35¢
36, 36a to 36e
37

38

39

40

41

42

43, 43a, 43b

44, 44a

45

46, 46a

47

48, 48a, 48b, 48c
49

50

51

52

53

54, 54a, 54b

55, 55a

56, 56a

57

58, 58a

59, 59a

60, 60a

61

62

63

64

65, 65a, 65b

66

67, 67a, 67b

68, 68a

69

70

71

72

73

74

75

EP 2 781 435 A1

Outer ring

Radially inside stepped surface
Retaining ring

Radially outside stepped surface
Pressure screw cylinder

Cylinder section

Pressure roller

Sliding block

Cover

Spring

Fastening groove

Retaining ring

Side surface

Tapered surface

Protrusion

Annular shaped concave groove
Non-continuous area (opening section)
Clip

Diameter reduction prevention section
Ball

Retainer

Inner raceway

Outer raceway

Fastening arm section

Fastening hole

Radially outside arm section
Radially inside arm section

Base section

Radially outside flat surface section
Radially inside flat surface section
Stopper structure

Inclined surface

Fastening concave groove

Radially outside engagement protrusion section
Radially inside engagement protrusion section

Key member

Through hole

Bolt

Head section

Shaft section

Circular hole section
Non-circular hole section
Nut

Side surface

Space

Pressure block

Inclined section

Cover

Fitting cylinder section
Tip-end surface
Protrusion

Flange section

Side surface

Opening end surface
Convex engagement section
Concave engagement section
Gasket

Toe board
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76 Inner circumferential surface
Claims
1. Arack and pinion steering gear unit comprising:

a casing having a cylindrical shaped main housing section that is open on both ends, and a cylindrical shaped
sub housing section that is open on one end and is provided in a twisted position with respect to the main
housing section;

a rack shaft having rack teeth on a front surface thereof, and is located on an inside of the main housing section
of the casing so as to be able to displace in an axial direction thereof;

a pinion shaft having pinion teeth that are formed on a tip half section in an axial direction thereof and that
engage with the rack teeth, and with a base end section in an axial direction thereof protruding to an outside
through an opening section of the sub housing section of the casing, is supported inside the sub housing section
so at to be able to rotate freely;

a rolling bearing comprising an inner ring having an inner raceway around an outer circumferential surface
thereof, an outer ring having an outer raceway around an inner circumferential surface thereof, and a plurality
of rolling bodies that are provided between the inner raceway and outer raceway so as to be able to roll freely;
and in order to support the pinion shaft inside the sub housing section, the inner ring is fastened around a portion
of the pinion shaft that is closer to the base end section side in the axial direction than a portion where the pinion
teeth are formed, and with one side surface in the axial direction of the outer ring being in contact with a stepped
surface that is formed around the inner circumferential surface of the sub housing section, the outer ring is fitted
inside and supported to the sub housing section;

an incomplete circular ring shaped retaining ring that is located around a middle section in the axial direction
of the pinion shaft, and that, with a radially outside portion thereof fastened to a fastening groove that is formed
around the inner circumferential surface near the opening section of the sub housing section, presses one side
surface in the axial direction of a radially inside portion thereof against other side surface in the axial direction
of the outer ring; and

a diameter reduction prevention section that is provided on part of a member that is fastened to the sub housing
section, and by engaging with the retaining ring, prevents reduction of the diameter of the retaining ring.

The rack and pinion steering gear unit according or Claim 1, wherein
the diameter reduction prevention section is inserted into a non-continuous area of the retaining ring such that the
reduction of the diameter of the retaining ring is prevented.

The rack and pinion steering gear unit according to Claim 2, wherein

a clip that comprises a radially outside arm section and a radially inside arm section is elastically mounted to an
opening side end section of the sub housing section so as to span the opening side end section, and the diameter
reduction prevention section is constructed by a tip-end section of the radially inside arm section that is placed inside
of the sub housing section.

The rack and pinion steering gear unit according to Claim 3, wherein
a stopper structure for preventing the clip from coming out from the opening side end section of the sub housing
section is provided between the clip and the sub housing section.

The rack and pinion steering gear unit according to Claim 4, wherein

the stopper structure comprises: an inclined surface thatis formed on an outer circumferential surface of the opening
side end section of the sub housing section, and that is inclined in a direction such that a thickness of the opening
side end section becomes larger toward the opening section side; and an inclined section that is formed on the
radially outside arm section of the clip, and that is inclined in a direction so as to become closer to the radially inside
arm section toward a tip-end section side thereof, and comes in contact with the inclined surface.

The rack and pinion steering gear unit according to Claim 4, wherein

the stopper structure comprises: an engagement concave groove that is formed around an outer circumferential
surface of the opening side end section of the sub housing section; and a radially outside engagement protrusion
that is formed on the radially outside arm section of the clip and engages with the engagement concave groove.
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The rack and pinion steering gear unit according to Claim 4, wherein

the stopper structure comprises: the fastening groove that is formed around the inner circumferential surface of the
sub housing section; and a radially inside engagement protrusion that is formed on the tip-end section of the radially
inside arm section of the clip, and that engages with the fastening groove.

The rack and pinion steering gear unit according to Claim 2, wherein

the diameter reduction prevention section comprises an insertion member that is inserted into a through hole that
is formed in the sub housing section, or a portion of a member that is fastened to the insertion member and that
protrudes toward the radially inside from the through hole.

The rack and pinion steering gear unit according to Claim 8, wherein
the insertion member comprises a flat plate shaped key member that is pressure fitted into the through hole, or is
fastened to the casing by plastically transforming part thereof.

The rack and pinion steering gear unit according to Claim 8, wherein
the insertion member comprises a bolt, and the diameter reduction prevention section is constructed by a head
section of the bolt, or a nut that is screwed onto a shaft section of the bolt.

The rack and pinion steering gear unit according to Claim 1, wherein
the diameter reduction prevention section is fitted inside the inner-circumferential surface of the retaining ring such
that the diameter reduction of the retaining ring is prevented.

The rack and pinion steering gear unit according to Claim 1, wherein
the diameter reduction prevention section is composed of an end section of a cover that is fitted inside the opening
section of the sub housing section and that covers around the pinion shaft.

The rack and pinion steering gear unit according to Claim 12, wherein
aconcave and convex engagement section for regulating relative rotation of the cover with respect to the sub housing
section is provided between the cover and the sub housing section.

The rack and pinion steering gear unit according to Claim 12, wherein
another end section of the cover on the opposite side from the side where the diameter reduction prevention section
is provided comes in contact with part of a vehicle body by way a gasket made of an elastic material.

The rack and pinion steering gear unit according to Claim 1, wherein
the non-continuous area of the retaining ring is located in a portion on the rack shaft side of the retaining ring.

Amended claims under Art. 19.1 PCT

1.

A rack and pinion steering gear unit comprising:

a casing having a cylindrical shaped main housing section that is open on both ends, and a cylindrical shaped
sub housing section that is open on one end and is provided in a twisted position with respect to the main
housing section;

a rack shaft having rack teeth on a front surface thereof, and is located on an inside of the main housing section
of the casing so as to be able to displace in an axial direction thereof;

a pinion shaft having pinion teeth that are formed on a tip half section in an axial direction thereof and that
engage with the rack teeth, and with a base end section in an axial direction thereof protruding to an outside
through an opening section of the sub housing section of the casing, is supported inside the sub housing section
so at to be able to rotate freely;

a rolling bearing comprising an inner ring having an inner raceway around an outer circumferential surface
thereof, an outer ring having an outer raceway around an inner circumferential surface thereof, and a plurality
of rolling bodies that are provided between the inner raceway and outer raceway so as to be able to roll freely;
and in order to support the pinion shaft inside the sub housing section, the inner ring is fastened around a portion
of the pinion shaft that is closer to the base end section side in the axial direction than a portion where the pinion
teeth are formed, and with one side surface in the axial direction of the outer ring being in contact with a stepped
surface that is formed around the inner circumferential surface of the sub housing section, the outer ring is fitted
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inside and supported to the sub housing section;

a C-shaped incomplete circular ring shaped retaining ring that is located around a middle section in the axial
direction of the pinion shaft, that is provided with a non-continuous area, and that, with a radially outside portion
thereof fastened to a fastening groove that is formed around the inner circumferential surface near the opening
section of the sub housing section, presses one side surface in the axial direction of a radially inside portion
thereof against other side surface in the axial direction of the outer ring so as to apply a preload to the ball
bearing; and

a diameter reduction prevention section that is provided on part of a member that is fastened to an opening
side end section or a section near the opening section of the sub housing section, and by being inserted inside
the non-continuous area of the retaining ring and engaging with the retaining ring, prevents reduction of the
diameter of the retaining ring.

The rack and pinion steering gear unit according to Claim 1, wherein

a clip that comprises a radially outside arm section and a radially inside arm section is elastically mounted to an
opening side end section of the sub housing section so as to span the opening side end section, and the diameter
reduction prevention section is constructed by a tip-end section of the radially inside arm section that is placed inside
of the sub housing section.

The rack and pinion steering gear unit according to Claim 2, wherein
a stopper structure for preventing the clip from coming out from the opening side end section of the sub housing
section is provided between the clip and the sub housing section.

The rack and pinion steering gear unit according to Claim 3, wherein

the stopper structure comprises: an inclined surface thatis formed on an outer circumferential surface of the opening
side end section of the sub housing section, and that is inclined in a direction such that a thickness of the opening
side end section becomes larger toward the opening section side; and an inclined section that is formed on the
radially outside arm section of the clip, and that is inclined in a direction so as to become closer to the radially inside
arm section toward a tip-end section side thereof, and comes in contact with the inclined surface.

The rack and pinion steering gear unit according to Claim 3, wherein

the stopper structure comprises: an engagement concave groove that is formed around an outer circumferential
surface of the opening side end section of the sub housing section; and a radially outside engagement protrusion
that is formed on the radially outside arm section of the clip and engages with the engagement concave groove.

The rack and pinion steering gear unit according to Claim 3, wherein

the stopper structure comprises: the fastening groove that is formed around the inner circumferential surface of the
sub housing section; and a radially inside engagement protrusion that is formed on the tip-end section of the radially
inside arm section of the clip, and that engages with the fastening groove.

The rack and pinion steering gear unit according to Claim 1, wherein

the diameter reduction prevention section comprises an insertion member that is inserted into a through hole that
is formed in the sub housing section, or a portion of a member that is fastened to the insertion member and that
protrudes toward the radially inside from the through hole.

The rack and pinion steering gear unit according to Claim 7, wherein

the insertion member comprises a flat plate shaped key member that is pressure fitted into the through hole, or is
fastened to the casing by plastically transforming part thereof.

The rack and pinion steering gear unit according to Claim 7, wherein

the insertion member comprises a bolt, and the diameter reduction prevention section is constructed by a head

section of the bolt, or a nut that is screwed onto a shaft section of the bolt.

The rack and pinion steering gear unit according to Claim 1, wherein
the non-continuous area of the retaining ring is located on the rack shaft side of the retaining ring.

A rack and pinion steering gear unit comprising:

a casing having a cylindrical shaped main housing section that is open on both ends, and a cylindrical shaped
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sub housing section that is open on one end and is provided in a twisted position with respect to the main
housing section;

a rack shaft having rack teeth on a front surface thereof, and is located on an inside of the main housing section
of the casing so as to be able to displace in an axial direction thereof;

a pinion shaft having pinion teeth that are formed on a tip half section in an axial direction thereof and that
engage with the rack teeth, and with a base end section in an axial direction thereof protruding to an outside
through an opening section of the sub housing section of the casing, is supported inside the sub housing section
so at to be able to rotate freely;

a rolling bearing comprising an inner ring having an inner raceway around an outer circumferential surface
thereof, an outer ring having an outer raceway around an inner circumferential surface thereof, and a plurality
of rolling bodies that are provided between the inner raceway and outer raceway so as to be able to roll freely;
and in order to support the pinion shaft inside the sub housing section, the inner ring is fastened around a portion
of the pinion shaft that is closer to the base end section side in the axial direction than a portion where the pinion
teeth are formed, and with one side surface in the axial direction of the outer ring being in contact with a stepped
surface that is formed around the inner circumferential surface of the sub housing section, the outer ring is fitted
inside and supported to the sub housing section;

a C-shaped incomplete circular ring shaped retaining ring that is located around a middle section in the axial
direction of the pinion shaft, that is provided with a non-continuous area, and that, with a radially outside portion
thereof fastened to a fastening groove that is formed around the inner circumferential surface of the sub housing
section, presses one side surface in the axial direction of a radially inside portion thereof against other side
surface in the axial direction of the outer ring so as to apply a preload to the ball bearing;

a cover fitted into the opening section of the sub housing section and covering around the pinion shaft; and

a diameter reduction prevention section formed on a tip-end surface of the cover so as to protrude toward a tip-
end side of the cover and engaging with the retaining ring so as to prevent reduction of the diameter of the
retaining ring.

The rack and pinion steering gear unit according to Claim 11, wherein
the diameter reduction prevention section is fitted inside an inner-circumferential surface of the retaining ring.

The rack and pinion steering gear unit according to Claim 11, wherein
aconcave and convex engagement section for regulating relative rotation of the cover with respect to the sub housing
section is provided between the cover and the sub housing section.

The rack and pinion steering gear unit according to Claim 11, wherein

another end section of the cover on the opposite side from the side where the diameter reduction prevention section
is provided comes in contact with part of a vehicle body by way a gasket made of an elastic material.
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